Lignin is formed in the cell wall of the downy mildew-infected Japanese radish root and peroxidase activity increases in the neibouring tissues. Attempts were made to study the functional role of this increased peroxidase activity in lignification in diseased tissues. The crude peroxidase prepared from the healthy tissue with ammonium sulfate precipitation and isoelectric point precipitation was fractionated into 11 fractions by cellulose column chromatography. The activity of the crude enzyme preparation increased gradually in response to the infection, reached a maximum 9 days after inoculation and then decreased. Elution profiles of peroxidase extracted from the root 9 days after inoculation showed that activities in acidic and neutral fractions apparently decreased while those of basic fractions increased. Polyacrylamide gel electrofocusing of the crude peroxidase preparation showed a decrease in activity of acidic isoperoxidases and an increase in activity of a part of basic and neutral isoperoxidases in the diseased tissue.
Introduction
In previous papers1,2), we reported the lignin formation of downy mildew-infected Japanese 
Results
Recovery.
Peroxidase activity at each step of extraction processes was determined to estimate the extent of recovery (Table 1) . Table 1 . Enzyme activity in the purification steps a) Purpurogallin number. b) Fresh weight: 600g.
Column chromatography.
The fractions eluted from CM-cellulose column were subjected to optical density measurement and designated as Fractions A, B, C, D, E, F and G (Fig. 1) . Fraction A was a main component of Japanese radish peroxidase and fractionated into 5 fractions with a DEAF-cellulose column. Those eluted from a DEAF-cellulose column were designated as Fractions A-1, A-2, A-3, A-4 and A-5.
Thus, it fractions were obtained from the crude peroxidase of Japanese radish roots.
Absorption Spectrum.
To check homogeneity, absorption spectrum was determined. Fraction A-1 was dissolved in 0.005M Tris-HCl buffer, pH 8.4, and dialyzed against the same buffer and measured for absorbancy.
The result is presented in Fig. 2 . It shows maxima at 405, 498 and 640nm, fulfilling characteristic absorption of peroxidase.
Time course.
For the determination of sequential change in peroxidase activity after inoculation, total enzyme activity of the crude preparation was measured with the sliced and downy mildew-infected tissues.
The activity increased with time after inoculation and reached a maximum after 9 days (Fig. 3) .
Therefore, peroxidase was subsequently prepared from the roots which had been incubated at 20C for 9 days after inoculation. Table 3 . neutral and basic isozymes. Accordingly, the decrease in the enzyme activity in Fraction A after inoculation seems to be due to the decrease in activity of acidic isozymes . Also, Fractions B, C and D consisted of many isozymes, they should further be separated into some more fractions .
Protein electrophoregrams of the crude peroxidase were carried out to check its purity (Fig . 6 ).
Proteins were separated into 24 bands and 8 protein bands of them revealed no peroxidase activity , the remaining 16 bands being active in the peroxidase assay (Fig . 7) . In order to determine whether the decrease in peroxidase activity of acidic isozymes is due to the biosynthesis inhibition of acidic isoperoxidase, the presence of protein in the acidic region was examined by amido black staining .
Some protein bands were found at the site of acidic isozymes in the crude peroxidase preparation from the infected root. Accordingly, it is suggested that the decrease in the activity of acidic isozymes is due merely to the decrease in specific activity, and may not be attributed to inhibition of de novo biosynthesis of these isozymes.
Discussion
Peroxidase widely exists in many tissues of plants.
The isolation and characterization have extensively been studied from many sources. An increase in the enzyme activity had often been found in higher plants infected by pathogenic fungi . We found an increase in the enzyme activity in the downy mildew-infected Japanese radish root in response to lignification of cell wall in the infected tissues. In order to determine the role of the peroxidase activity enhanced in the infected tissues, the isolation and purification procedures of the enzyme were investigated . By ammonium sulfate precipitation a high recovery of the enzyme activity was obtained . The crude peroxidase was then subjected to cellulose column chromatography . It was initially fractionated into 7 fractions on a CM-cellulose column, and Fraction A which had not been adsorbed on the column was further separated into 5 fractions on a DEAF-cellulose column . The elution profile showed a considerable contamination by closely related fractions . Hence these fractions were purified respectively by 
